Background: The immature platelet fraction (IPF) reflects the degree of reticulated platelets. We evaluated performances of IPF as a biomarker for the discrimination of septic patients from non-septic patients and sepsis severity.
INTRODUCTION
Despite improvements in treatment modality and development of various biomarkers used for early detection, sepsis remains an important cause of mortality, especially in intensive care unit (ICU) patients [1] . Current biomarkers used for the detection of inflammation or infection, such as lactate (LA), procalcitonin (PCT), and C-reactive protein (CRP), can reflect the pathologic conditions associated with sepsis development and are useful in sepsis diagnosis or assessment of sepsis severity; however, performance of these biomarkers varies [2] [3] [4] .
Inflammation induces coagulation abnormalities and microcirculation disturbances by microthrombi resulted from platelet activation can cause end-organ damage in sepsis pathophysiology [5, 6] . Therefore, it is possible that the parameter reflecting platelet production and activation, specifically the immature platelet fraction (IPF) that indicates the percentage of reticulated platelets, associates with sepsis development and reflects sepsis severity. Since the IPF can measure thrombopoietic activity in bone marrow (BM), increased IPF can be observed in patients with thrombocytopenia owing to peripheral destruction, such as immune thrombocytopenic purpura (ITP), and decreased IPF can be observed in patients with thrombocytopenia owing to BM failure. Several studies confirmed the clinical usefulness of the IPF as a differential diagnostic biomarker in the evaluation of thrombocytopenia [7] [8] [9] [10] [11] . Two recent studies suggested that the IPF may help identify patients very early in the course of sepsis and can be used as a screening parameter for bacterial infection, which may allow for initiation of treatment prior to clinical onset [12, 13] . Another recent study evaluated the performance of the IPF in sepsis diagnosis and discrimination of sepsis severity in 41 ICU patients and suggested that the IPF levels could be used as a sepsis biomarker, especially in the discrimination of septic patients from healthy individuals and assessment of severity [14] . It is also important that a sepsis biomarker be able to discriminate septic patients from non-septic patients with local infections, such as a urinary tract infection (UTI) or an upper respiratory tract infection (URI), and therefore, the performance of the IPF for this purpose also needs to be assessed.
In the present study, we evaluated the performance of the IPF as a sepsis biomarker focusing on three points: (1) the discrimination of septic patients from non-septic patients; (2) the discrimination of septic patients from non-septic patients with local infection; and (3) the assessment of sepsis severity in comparison with nonhematological sepsis biomarkers (LA, PCT, and CRP) and hematological sepsis biomarkers, such as immature granulocyte fraction (IG) and immature reticulocyte fraction (IRF). Uncomplicated sepsis was defined as the presence of both infection and systemic inflammatory response syndrome (SIRS) without any evidence of organ dysfunction. Severe sepsis was defined as sepsis complicated by organ dysfunction, such as arterial hypoxemia (PaO2/FiO2 < 300), oligouria (urine output < 0.5 mL/kg/hr or 45 mmol/L for at least two hours), elevated serum glucose ( > 100 mg/dL), elevated serum creatinine ( > 1.4 mg/dL or increases > 0.5 mg/dL from baseline), thrombocytopenia ( < 1 × 10 11 /L), and hyperbilrubinemia (plasma total bilirubin > 4 mg/ dL). Septic shock was defined as severe sepsis plus a state of acute circulatory failure characterized by persistent arterial hypotension (systolic blood pressure < 90 mm Hg, mean arterial pressure < 60 mm Hg, or a reduction of systolic blood pressure > 40 mm Hg from baseline) despite adequate volume resuscitation [15, 16] .
METHODS

Selection and classification of patients
Additionally, all sepsis (defined as uncomplicated sepsis +severe sepsis+septic shock; N = 215) and complicated sepsis (defined as severe sepsis+septic shock; N = 151) subgroups were also generated. All sepsis subgroups included both patients having signs of sepsis, such as fever, and fulfilling the diagnostic criteria of sepsis, but showing negative results in blood cultures (N = 106), and blood culture-positive bacteremia patients (N = 109).
Clinical and laboratory findings from patient samples
For each sample, LA, PCT, CRP, IPF, IG, IRF, white blood cell (WBC) counts, hemoglobin, platelets, WBC differential counts, prothrombin time (PT), activated partial thromboplastin time (aPTT), D-dimer, creatinine, glucose, and total bilirubin were measured. The LA level was measured by using a GEM Premier 3000 instrument (Instrumentation Laboratory, Lexington, MA, USA). The PCT level was measured by immunoluminometric assay (VIDAS B.R.A.H.M.S. PCT; bioMerieux, Saint Laurent, Canada), and the CRP level was measured by latex immunoturbidimetric assay (Tina-quant CRP HS Test System; Roche, Basel, Switzerland). All hematological and coagulation parameters were obtained from an automated blood cell analyzer (Sysmex XE-2100; Sysmex, Kobe, Japan) and coagulation analyzer (Sysmex CA-7000; Syxmex). The creatinine, glucose, and total bilirubin levels were measured by using a clinical chemistry analyzer (TBA-200FR; Toshiba Medical Systems, Tokyo, Japan). This study was approved by the institutional review board of each author's institution.
Comparative analysis of clinical and laboratory findings
between patient subgroups categorized by the presence of sepsis or sepsis severity
The distribution of gender, age, bacteremia type, and laboratory findings described above were compared between (1) non-septic patients and all septic patients, (2) non-septic patients with local infection and all septic patients, and (3) uncomplicated septic patients and complicated septic patients. Additionally, since the IPF can reflect the status of coagulation activation in sepsis, especially in disseminated intravascular coagulation (DIC) patients who may show increased and decreased platelet production in early and late stage, respectively, correlations between the IPF and PT, aPTT, and D-dimer were analyzed in septic patients.
4. Performance evaluation of six biomarkers in the discrimination of septic patients from non-septic patients and the discrimination of sepsis severity
The performances of six biomarkers (LA, PCT, CRP, IPF, IG, and IRF) in the discrimination of (1) septic patients from non-septic patients, (2) septic patients from non-septic patients with local infection, and (3) sepsis severity were evaluated by ROC curve analysis and compared. Additionally, the sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), and accuracy of each biomarker following application of the best cutoff values determined from ROC curve analysis were calculated and compared.
Statistical analysis
The chi-square and Mann-Whitney U tests were used to compare dichotomous and continuous variables, respectively, between the two patient subgroups. In the comparison of continuous variables, the median values of each result were used since all these variables did not show normal distribution. ROC curve analysis was performed to evaluate the performance of each biomarker. Spearman's correlation analysis was applied in the evaluation of associations between the IPF and PT, aPTT, and D-dimer. All tests were two-tailed, and P ≤ 0.05 was considered significant. All analyses except for the ROC curve and correlation analyses were performed by using SPSS v13.0.1 for Windows (SPSS Inc., Chicago, IL, USA). MedCalc v9.2.0.2 (MedCalc Software, Ostend, Belgium) was used for ROC curve and correlation analyses.
RESULTS
1.
Comparison of clinical and laboratory findings between septic patients and non-septic patients or non-septic patients with local infection (Table 1) When compared to non-septic patients, septic patients were significantly older (P < 0.001). Septic patients also showed significantly higher LA (P = 0.002), PCT (P < 0.001), CRP (P < 0.001), IPF (P < 0.001), IG (P < 0.001), IRF (P = 0.030), WBC counts (P < 0.001), neutrophils% (P < 0.001), and D-dimer (P < 0.001), and significantly lower lymphocytes% (P < 0.001) and monocytes% (P < 0.001) than non-septic patients. Additionally, septic patients showed significantly prolonged PT (P < 0.001) and aPTT (P < 0.001) than non-septic patients; however, both hemoglobin and platelet counts were not significantly different between the two patient subgroups. Comparisons between septic patients and non-septic patients with local infection also showed same results, except for the IRF.
2.
Comparison of clinical and laboratory findings in septic patients with respect to sepsis severity (Table 1) Patients with complicated sepsis showed significant male predominance (P = 0.025) than those with uncomplicated sepsis. Additionally, patients with complicated sepsis showed significantly higher LA (P < 0.001) and IPF levels (P = 0.022), lower platelet counts (P < 0.001), and prolonged PT (P = 0.024) than those with uncomplicated sepsis. However, patient age, PCT, CRP, IG, IRF, WBC counts, hemoglobin, WBC differential counts, aPTT, and D-dimer were not significantly different between the two patient subgroups. The type of bacteremia was not significantly different between the two patient subgroups.
3. Performance evaluation of six biomarkers in the discrimination of septic patients from non-septic patients (Table 2) Among the six biomarkers, both PCT and CRP performed best, *P values were calculated by using a chi-square test; † P values were calculated by using a Mann-Whitney U test. Abbreviations: M, male; F, female; LA, lactate; PCT, procalcitonin; CRP, C-reactive protein; IPF, immature platelet fraction; IG, immature granulocyte fraction; IRF, immature reticulocyte fraction; WBC, white blood cell; PT, prothrombin time; aPTT, activated partial thromboplastin time; NA, not applicable; NC, not calculated.
with both their specificities and PPVs being very high. However, their accuracies were not as high as their specificities and PPVs. The IPF showed comparable performance to PCT, CRP, LA, and IG, and showed significantly better performance than the IRF (P = 0.007). Notably, the IPF demonstrated the highest sensitivity (89.8%, 95% confidence interval [CI] 84.9-99.8%) and accuracy (83.2%, 95% CI 78.8-90.0%) among all six biomarkers when 3.1% was applied as a cutoff value.
The performance of IG was significantly worse than that of both PCT (P = 0.041) and CRP (P = 0.013). Although the performance of IG was comparable to that of the IPF (P = 0.353), the sensitivity of the IG was lower than that of the IPF. The performance of the IRF was the worst among all six biomarkers.
4. Performance evaluation of six biomarkers in the discrimination of septic patients from non-septic patients with local infection (Table 3) Among the six biomarkers, both the CRP and IG performed best, with both their specificities and PPVs being satisfactory.
The PCT showed significantly worse performance than both CRP (P < 0.001) and IG (P < 0.001); however, both the specificity and PPV of the PCT were 100.0%, which was the best among the six biomarkers. Despite the IPF showing significantly worse performance than both CRP (P = 0.013) and IG (P = 0.011), the IPF showed comparable performance to both LA and PCT, and showed significantly better performance than the IRF (P < 0.001). Notably, the IPF demonstrated the highest sensitivity (84.2%, 95% CI 78.7-88.5%) and accuracy (86.0%, 95% CI 78.1-87.3%) among the six biomarkers when 3.4% was applied as a cutoff value. The performance of the IRF was also the worst among all six biomarkers.
5. Performance evaluation of six biomarkers in the discrimination of complicated sepsis from uncomplicated sepsis (Table 4) Among the six biomarkers, the LA showed significantly better performance than the PCT (P = 0.001), CRP (P < 0.001), IPF *The sensitivity, specificity, negative predictive value, positive predictive value, and accuracy of each biomarker were calculated from the application of predefined best cutoff values for each biomarker. Abbreviations: LA, lactate; PCT, procalcitonin; CRP, C-reactive protein; IPF, immature platelet fraction; IG, immature granulocyte fraction; IRF, immature reticulocyte fraction; AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.
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(P = 0.003), IG (P < 0.001), and IRF (P < 0.001). However, the performance of LA was not satisfactory compared with that of other biomarkers, which showed satisfactory performance in the discrimination of septic patients from non-septic patients or non-septic patients with local infection. The IPF also performed poorly in the discrimination of septic patients, similar to the unsatisfactory performances of the other biomarkers.
Correlation analysis between the IPF and PT, aPTT, and D-dimer in septic patients
This study included only eight patients with overt DIC according to the International Society for Thrombosis and Haemostasis (ISTH) scoring system [17] . There were no significant correlations between increased IPF and the prolongation of PT (γ = -0.124, P = 0.069), aPTT (γ = -0.022, P = 0.746), or increased D-dimer (γ = 0.026, P = 0.708).
DISCUSSION
The majority of previous reports suggested that both PCT and CRP exhibited acceptable performance in the detection of sepsis and discrimination of sepsis severity [18] [19] [20] [21] and that the LA is at least a moderately accurate predictor of mortality in complicated septic patients [22] [23] [24] . However, conflicting data also exist regarding whether the PCT, CRP, or IG can be an independent predictor of sepsis severity and mortality [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Since sepsis leads to platelet destruction in the early phase, we hypothesized that the IPF increases before thrombocytopenia occurs and can be a sensitive biomarker in the discrimination of septic patients from non-septic patients. Focusing on this point, we evaluated the performance of the IPF as a biomarker for the discrimination of septic patients from non-septic patients and for sepsis severity. This study showed that the IPF, along with other biomarkers, was significantly higher in septic patients than in non-septic patients, regardless of whether non-septic patients have local infection (Table 1) . Additionally, we found that both PCT/CRP and CRP/IG performed best in the discrimination of septic patients from non-septic patients or non-septic patients with local infection, respectively. However, we found that their sensitivity/accuracy was not as high as expected, which limits their clinical relevance as biomarkers used in the early discrimination of septic patients (Tables 2 and 3) .
Notably, we identified that the IPF possesses comparable performance to PCT, CRP, LA, IG, and shows significantly better performance than the IRF in discriminating septic patients from non-septic patients. Also, we found that the IPF possesses the best sensitivity/accuracy among the six biomarkers (Table 2) . These results support conclusions from a recent study [14] . We also demonstrated that the IPF performs better than the LA, PCT, and IRF and possesses the best sensitivity/accuracy among the six biomarkers in the discrimination of septic patients from non-septic patients with local infection (Table 3) . These results are partially discordant with a recent study [14] ; however, the discrepancy may be explained in part by the different patient categorization of non-septic patients (local infection vs. SIRS). Our results suggest that the IPF can be used as a reliable biomarker in the sensitive and accurate discrimination of septic patients and emphasize the importance of increased thrombopoiesis in the initiation of sepsis development [12] . In contrast to the IPF, our study identified that the IRF is not useful as a sepsis biomarker (Tables 2 and 3) . These results are consistent with a previous result [14] and suggest that the development of anemia in sepsis is neither hyper-regenerative nor asso- ciated with reticulocyte response. Our study also identified that the IPF is not as useful as other biomarkers in the discrimination of complicated septic patients from uncomplicated septic patients (Table 4) . These results are discordant with several studies [18] [19] [20] [21] . The discrepancies may be explained in part by the different study populations between our study, which included general ward and ICU patients, and the majority of other studies, which included ICU patients only, or by the different underlying diseases of the included patients. Our results suggest that the IPF does not characterize sepsis severity, given that the IPF reflects a balance between platelet activation and BM inhibition and that these two phenomena are capable of coexisting in the late stage of complicated sepsis.
Our study failed to demonstrate significant correlations between the IPF and PT, aPTT, and D-dimer. These results are consistent with a previous result [14] ; however, they are partially discordant with other studies, which showed significant correlations between the IPF and DIC scores in a cohort of critically ill patients [35] . DIC patients may show different severity levels in consumption of coagulation, which may partly explain the discrepancy between results.
Our study has three limitations. First, we did not analyze the consecutive data over a certain period after admission and we could not evaluate the time difference between elevation of the IPF and sepsis development. Further study focused on this issue needs to be performed. Second, both severe sepsis and septic shock patients were categorized into a single "complicated sepsis" subgroup and the differences of each biomarker between the two patient subgroups were not analyzed. Since these two patient subgroups included patients with a broad spectrum of severity, different mortality rates and possibly different BM inhibition rates might be expected. Third, our present study used Sysmex XE-2100 analyzer in the measurement of IPF and recently, this instrument was replaced by XN series. The possible difference between IPF measured by XE-2100 and XN series should be considered especially in the laboratories operating new XN series. In addition, there might be difference between the fraction and absolute number of immature platelets and this point should be also considered when evaluating the results from our present study.
In conclusion, this study showed that the IPF possesses high sensitivity and accuracy in the discrimination of septic patients from non-septic patients, regardless of whether they have local infection. However, the IPF does not efficiently discriminate sepsis severity. The clinical relevance of the IPF as a sepsis biomarker is, therefore, limited to the sensitive and accurate discrimination of septic patients from non-septic patients and not to the discrimination of sepsis severity.
